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http://dx.doi.org/10.1016/j.jfma.201Background/Purpose: To investigate the bulbar conjunctival changes in patients with Graves’
ophthalmopathy (GO) using in vivo confocal microscopy.
Methods: A total of 15 GO patients and 15 control patients were recruited. Images of the su-
perior site and temporal bulbar conjunctivas were taken by the Heidelberg Retina Tomograph/
Rostock Corneal Module. The conjunctival thickness and cell density of superior epithelium,
basal epithelium, Langerhans cells, and goblet cells were analyzed. Conjunctival impression
cytology was performed to assess the grading of squamous metaplasia of the conjunctival
epithelium.
Results: The superficial epithelial cell density in the superior bulbar conjunctiva of the GO
group was 856.93  461.68 cells/mm2, which was significantly lower than that in the control
group (1581.13  556.34 cells/mm2; pZ 0.002). However, the difference in superficial epithe-
lial cell density in the temporal bulbar conjunctiva between the two groups was not statisti-
cally significant. No significant differences in conjunctival thickness and the basal epithelial
cell density were noted between the two groups. Increased Langerhans cell density and
reduced goblet cell density were noted in the GO group. Impression cytology of the conjunc-
tival epithelium revealed significantly higher degree of squamous metaplasia in the GO group.
The superficial epithelial cell density in the upper bulbar conjunctiva showed negative corre-
lation with marginal reflex distance in the GO group.ave no conflicts of interest relevant to this article.
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966 Y.-H. Wei et al.Conclusion: GO patients suffered from more severe bulbar conjunctival damage and inflamma-
tion with the superior site than the temporal site. In vivo confocal microscopy can be a rapid
and noninvasive tool for the quantitative evaluation of ocular surface changes in patients with
GO.
Copyright ª 2013, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Graves’ ophthalmopathy (GO) is an autoimmune inflam-
matory disorder of the orbital adipose, connective tissues,
and extraocular muscles.1,2 Approximately 25e50% of pa-
tients with Graves’ disease develop GO and report symp-
toms of GO including dry eye, photophobia, excessive
tearing, and double vision.1,3 The most common clinical
manifestations of GO are upper eyelid retraction, peri-
orbital edema, conjunctival chemosis, proptosis, and
restrictive extraocular myopathy.1 Although the majority of
patients with GO experience mild ocular symptoms, 3e5%
of patients have severe symptoms including intensive pain,
inflammation, and sight-threatening corneal ulcer or
compressive optic neuropathy.4
Dry eye is one of the most frequent causes of ocular
discomfort in patients with GO.5 Dry eye symptoms were
reported by up to 85% of patients with GO.6 Although the
pathogenesis of dry eye in GO is still not fully understood,
both increased tear evaporation and decreased aqueous
tear production can lead to the dry eye syndrome in GO
patients.7,8 For example, an increase in palpebral fissure
length can accelerate tear-film evaporation, resulting in
tear-film osmolarity elevation and ocular surface damage.7
Increased osmolarity, changes in tear components,7,8 and
lacrimal gland dysfunction7e9 were found in GO patients. In
addition, the presentation of lid retraction and proptosis
can lead to mechanical damage during blinking. According
to previous studies, symptomatic exposure keratopathy was
reported in 40e72% of patients with GO.10
The purpose of this study is to investigate the ocular
surface changes in patients with GO. In this study, we used
in vivo confocal microscopy and impression cytology to
evaluate and characterize the bulbar conjunctival epithe-
lium in patients with GO.Materials and methods
Patients
We recruited 15 patients with GO (7 men and 8 women;
mean age: 39.8  12.55 years). Patients were excluded
from the study if they had any other ophthalmic disorders,
additional systemic diseases, previous radiotherapy, or
surgical decompression. All the patients had euthyroidism
with clinical activity scores11 of GO  3 for at least 6
months before the study. The patients had not used any
topical medication for at least 1 month before the exami-
nation. The control group consisted of 15 healthy volun-
teers (7 men and 8 women; mean age: 35.87  13.99 years).
Patients with any ocular or systemic diseases, previousocular surgery, or ophthalmic medication in the previous 3
months were excluded from the control group. Any contact
lens users in either group were also excluded from the
study. Informed consent was obtained from all patients and
the control patients before the study. The study protocol
was approved by the Institutional Review Board for Human
Studies of the National Taiwan University Hospital and
adhered to the tenets of the Declaration of Helsinki.
Clinical examinations
Each participant underwent a full eye examination,
including visual acuity measurement, intraocular pressure
measurement, and slit-lamp and fundoscopic examinations.
The symptoms of dry eye were assessed using the Ocular
Surface Disease Index (OSDI) questionnaire.12 To evaluate
the severity of lid retraction, the palpebral fissure length,
marginal reflex distance (MRD), and degree of lagoph-
thalmos were measured. For the MRD measurement, MRD1
and MRD2 denote the distance from the center corneal light
reflex to the upper and lower eyelid margins, respectively,
in primary position. The severity of proptosis was measured
by the Hertel exophthalmometer.
Tear function tests and conjunctival surface
staining
Schirmer’s test was performed with topical anesthesia using
proparacaine 0.5% (Alcaine; Alcon Laboratories, Inc., Fort
Worth, TX, USA). The standard Schirmer’s test strip (Alcon
Laboratories, Inc.) was placed in the lower fornix at the
junction of the lateral and middle third away from the
cornea for 5 minutes. The wetted length of the test strip
was recorded in millimeters as Schirmer’s test result. To
measure the tear breakup time (TBUT), one drop of the
preservative-free 2% sodium fluorescein dye was applied to
the lower fornix. The patient was asked to blink several
times, and then to look directly ahead without blinking.
Under the slit-lamp examination with the cobalt blue filter,
the time interval after a full blink to the first appearance of
black spot was recorded as the TBUT. Three readings were
taken for each patient, and the average was calculated to
determine the TBUT value. For the conjunctival surface
fluorescein staining, the bulbar conjunctival surface was
divided into four areas, namely, superior, temporal, infe-
rior, and nasal areas. In each of these areas, the number of
punctate fluorescein staining is enumerated with 10 punc-
tate staining dots equivalent to a staining score of 1. The
final score for conjunctival surface fluorescein staining is
the summation of the scores for each of the four areas. The
final score ranges from 0 to 4, and a higher score indicates
greater conjunctival surface damage.
Table 1 Characteristics of the patients and clinical pa-





Age (y) 39.8  12.55 35.87  13.99 0.19
OSDI (score) 45.77  14.0 13.59  4.69 <0.001
Hertel reading
(mm)
21.17  2.96 16.37  0.59 <0.001
MRD1 (mm) 6.20  1.70 3.87  0.74 <0.001
MRD2 (mm) 6.07  1.39 5.13  0.52 0.02
PFL (mm) 12.27  2.05 9.0  1.20 <0.001
Lagophthalmos
(mm)
0.83  1.03 0 0.005
Schirmer (mm) 8.53  3.54 14.87  7.12 0.009
TBUT (s) 8.40  2.80 13.47  3.62 0.002
F staining (score) 1.40  1.06 0 <0.001
Superior
conjunctiva
0.67  0.49 0
Temporal
conjunctiva
0.33  0.49 0
Nasal
conjunctiva
0.33  0.49 0
Inferior
conjunctiva
0.06  0.26 0
F staining Z fluorescein staining; GO Z Graves’ ophthalmop-
athy; MRD Z marginal reflex distance; OSDI Z Ocular Surface
Disease Index; PFL Z palpebral fissure length; TBUT Z tear
breakup time.
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In vivo confocal microscopy was performed on the right eye
of all patients with the Heidelberg Retina Tomograph
(HRT3) equipped with a Rostock Corneal Module (RCM)
(Heidelberg Engineering GmbH, Heidelberg, Germany). This
instrument uses a 60 water-immersion objective lens
(Olympus Europa GmbH, Hamburg, Germany) and a 670-nm
diode laser as a light source, resulting in an image dimen-
sion of 400  400 mm2.
Before examination, one drop of topical anesthetic so-
lution (proparacaine 0.5%, Alcaine) was instilled onto the
ocular surface. After proper preparation, one drop of
Vidisic gel (Bausch & Lomb, GmbH, Berlin, Germany) was
applied on the surface of a sterile disposable plastic cap
(Tomo-cap, Heidelberg Engineering GmbH) in the front lens
of the microscope. Some patients in our study had restric-
tive extraocular myopathy with limitation of upper gaze.
Therefore, we decided to capture the images at the supe-
rior and temporal areas of the bulbar conjunctiva in the
right eye of each patient. The surface of the Tomo-cap was
positioned on the superior and temporal bulbar conjunc-
tivas, 2e4 mm away from the limbus. The patients were
instructed to gaze in the direction opposite to the region of
measurement. The scanning was performed continuously
from the superficial conjunctiva to the stromal layer. For
each location of the conjunctiva, at least five good-quality
images of the superficial epithelium, basal epithelium, and
the stromal layer were captured.
Image analysis
The measurement of epithelial thickness and the calculation
of cell densities were made using the morphometry as in
Efron et al’s study.13 All the images were analyzed by a single
independent observer who did not know the source of the
images. To determine the thickness of the conjunctival
epithelium, the baseline depth was recorded when the first
superficial epithelial cell was seen, and the final depth was
notedwhen thefirst stromal tissuewas observed. Subtracting
the final depth from the baseline depth yielded the epithelial
thickness. This procedure was repeated three times at each
location of the conjunctiva. The average of the three calcu-
lated values was the mean thickness of the epithelium.
To determine the cell density of both superficial and
basal epithelia, the three clearest images of the superficial
and basal epithelial layers were selected to calculate the
cell densities using the HRT3/RCM cell count software. In
each image, a clear continuous area of cells was selected
and at least 50 cells were counted. The mean of three
values was calculated to determine the epithelial cell
density of each layer and location.
Goblet cells and Langerhans cells were counted by
selecting the clearest image fromany layer of the epithelium
with themost visible cells by inspection. The number of cells
in the whole 400  400 mm2 image area was counted.
Impression cytology
Conjunctival impression cytology was also performed to
record the grading of squamous metaplasia of theconjunctival epithelium. The samples were collected from
both the superior and temporal bulbar conjunctiva in the
right eye of each patient. Before the examination, the
nitrocellulose filter paper with a pore size of 0.22 mm
(Millipore, Billerica, MA, USA) was cut into strips of
4  8 mm2. After applying a drop of topical anesthetic
(proparacaine 0.5%), excess tears were gently absorbed by
sterile cotton swabs. The nitrocellulose strip was placed on
the surface of the bulbar conjunctiva. After applying slight
pressure for 5 seconds, the nitrocellulose strip was peeled
off and immediately fixed in 95% alcohol. The samples were
stained with periodic acideSchiff and hematoxylin stain,
and photographed at a magnification of 200. All the
conjunctival impression cytology specimens were obtained
and evaluated by the same technician. The degree of
squamous metaplasia was graded from 0 to 5 according to
the grading system of Tseng.14 A higher score stands for a
greater degree of squamous metaplasia.
Statistical analysis was carried out using the Statistical
Package for Social Sciences (version 19.0; SPSS Inc., Chi-
cago, IL, USA). The ManneWhitney U test was used to
analyze the significance of the difference between pa-
rameters of the GO and control groups. A p value less than
0.05 was considered significant. The Kendall tau method
was used when correlating two independent sets of vari-
ables. A corrected p value of less than 0.05 obtained using
the Bonferroni method was considered statistically signifi-
cant for multiple tests.
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The characteristics of the patients and the clinical data of
the ocular surface are presented in Table 1. There were no
statistically significant differences in age or sex between
the GO patients and the normal control patients. For the
GO patients, the mean duration of the disease presentation
was 2.73  2.89 years, and the mean clinical activity score
was 2.56  0.73, which means that the patients were in the
inactive phase of GO.
Dry eye symptoms were significantly more severe in the
GO group than in the control group. The mean OSDI score
was 45.77  14.0 for the GO group, and 13.59  4.69 for the
control group (p < 0.001). The Hertel reading, MRD1, MRD2,
palpebral fissure length, and degree of lagophthalmos of
the GO group were all significantly higher than those of the
control group. The mean Schirmer’s test result was
8.53  3.54 and 14.87  7.12 mm for the GO group and
control group, respectively, showing statistically significant
difference (p Z 0.009). The mean TBUT was significantly
lower in the GO group (8.40  2.80 seconds) than in the
control group (13.47  3.62 seconds; pZ 0.002). The mean
conjunctival fluorescein staining score in the control group
was 0, whereas it was significantly increased to 1.40  1.06
(p < 0.001) in the GO group. In the GO group, the superior
conjunctival staining was positive in 12 patients.
In vivo confocal microscopy
The details of the in vivo confocal microscopic study are
provided in Table 2. The representative images of the su-
perficial bulbar conjunctival epithelium are shown in
Fig. 1A and B. No significant difference in conjunctival
epithelial thickness between the GO and control groups was
noted. The superficial epithelial cell density in the superior
bulbar conjunctiva of the GO group was
856.93  461.68 cells/mm2, which was significantly smaller
than that of the control group (1581.13  556.34 cells/
mm2; p Z 0.002). However, there was no statistically sig-
nificant difference in superficial epithelial cell density in
the temporal bulbar conjunctiva between the two groups
(GO: 1058.07  424.17 vs. control: 1325.53  603.17 cells/Table 2 In vivo confocal microscopy findings of bulbar conjunc
Item Location
Epithelial thickness (mm) Superior
Temporal
Superficial epithelial cell density (cells/mm2) Superior
Temporal
Basal epithelial cell density (cells/mm2) Superior
Temporal
Goblet cell density (cells/mm2) Superior
Temporal
Langerhans cell density (cells/mm2) Superior
Temporal
Squamous metaplasia (%) Superior
Temporal
* p < 0.05.
GO Z Graves’ ophthalmopathy.mm2; p Z 0.33). The images of basal epithelium revealed
gray cell borders, but the cell nuclei were not visible
(Fig. 1C and D). No statistically significant difference in
basal epithelial cell density was observed in the superior
and temporal bulbar conjunctiva between the two groups.
The goblet cell was characterized as a larger and paler
oval-shaped cell compared with the surrounding epithelial
cells. The goblet cell densities in the superior and temporal
bulbar conjunctiva of the GO group were significantly less
than those of the control group. By contrast, the density of
Langerhans cells, which appear as bright dendritic shapes,
was significantly higher in the GO group than in the control
group.
In some specimens from GO patients, squamous meta-
plasia was noted in the superficial bulbar conjunctival
epithelium. A representative image is shown in Fig. 2 (C1),
which demonstrates enlarging superficial epithelial cells
with pyknotic nuclei. Of the 15 GO patients, squamous
metaplasia was found in the superior bulbar conjunctiva of
seven eyes (46.67%) and in the temporal bulbar conjunctiva
of six eyes (40.0%).
Impression cytology
Representative images of different stages of squamous
metaplasia by impression cytology are shown in Fig. 2AeC.
Corresponding in vivo confocal images of the superficial
epithelium (A1-C1), the basal epithelium (A2-C2), and the
stroma (A3-C3) are also shown. The mean impression
cytologic grade in the superior bulbar conjunctiva of the GO
group was 3.44  1.13, which was significantly higher than
that of the control group (0.6  0.52; p < 0.001). Similarly,
the mean impression cytologic grade in the temporal bulbar
conjunctiva was significantly higher in the GO group than in
the control group (2.38  1.69 and 0.77  1.09, respec-
tively; p Z 0.004).
Correlation between cell density and clinical
parameters
The correlation between the superficial epithelial cell
density in the upper bulbar conjunctiva and the clinicaltiva.
GO Control p
47.53  12.95 39.33  14.23 0.059
37.93  8.35 32.0  7.63 0.056
856.93  461.68 1581.13  556.34 0.002*
1058.07  424.17 1325.53  603.17 0.33
2493.8  954.95 2467.67  448.40 0.72
2289  683.84 2240.73  705.27 0.85
1.40  3.81 38.73  35.31 0.004*
1.67  6.45 35.67  34.07 0.001*
76.53  130.44 0 0.005*
53.20  57.94 0.53  2.07 0.003*
46.67% (7/15) 0 <0.001*
40.0% (6/15) 0 <0.001*
Figure 1 Representative in vivo microscopic findings of the superior bulbar conjunctival epithelium in a Graves’ ophthalmopathy
(GO) patient and in a normal control patient. (A, B) Superficial conjunctival epithelium. (A) Image from a patient with GO showed
reduced epithelial cell density (797 cells/mm2). (B) Image from a normal control patient showed normal epithelial cell density
(1983 cells/mm2). (C, D) Basal conjunctival epithelium. (C) Image from a patient with GO showed the basal epithelial cell density of
2439 cells/mm2 and a Langerhans cell at the basal epithelial layer (arrow). (D) Image from a normal control patient showed the
basal epithelial cell density of 2252 cells/mm2 and an absence of inflammatory cells. Bar Z 50 mm.
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analysis results obtained using the Kendall tau method, the
cell density showed significantly negative correlation with
OSDI scores, MRD1, and palpebral fissure length, but
significantly positive correlation with the TBUT score (all
p < 0.05).Discussion
There are many ocular surface problems associated with
GO, such as conjunctival chemosis, conjunctival injection,
superficial punctate keratopathy, exposure keratopathy,
dry eye, elevated tear-film osmolarity, superior limbic
keratoconjunctivitis, and sight-threatening corneal ulcer.10
Dry eye is one of the most common manifestations of GO,
and 85% of patients with GO were reported to have dry eye
symptoms.6 In this study, the significantly higher OSDI
scores in the GO group indicated worse dry eye symptoms
perceived by the GO patients. In a previous research onocular surface in Graves’ disease, dry eye symptoms as well
as findings of ocular surface damage and inflammation may
occur even in the absence of active GO.15
To examine the ocular surface changes in GO-associated
dry eye, we used in vivo confocal microscopy in this study.
In vivo confocal microscopy has been a useful technique for
assessing the cornea and conjunctiva in dry eye patients16e18
and in contact lens wearers.19 Villani et al conducted an
in vivo confocal study of corneal cells and nerves in patients
with GO, and found significant reduction in superficial
corneal epithelial cell density and number of corneal nerves
in GO patients compared with normal patients.20 Moreover,
the density of activated keratocytes was significantly higher
in the GO group, especially in patients with active GO, sug-
gesting activation of corneal inflammation.
Dry eye syndrome in patients with GO may be caused by
increased tear evaporation and decreased tear
production.7e9,15 Proptosis, lagophthalmos, and eyelid
retraction in GO patients may lead to increased tear evapo-
ration. Previous research indicated possible lacrimal gland
Figure 2 Correlation of impression cytology and in vivo confocal microscopic findings. (AeC) Impression cytology of the bulbar
conjunctival (200, periodic acideSchiff staining). (A1eC3) Corresponding images of in vivo confocal microscopy of the superficial
epithelium (A1, B1, C1), basal epithelium (A2, B2, C2), and stroma (A3, B3, C3). (A) Grade 0: The impression cytology shows sheets
of epithelial cells with numerous goblet cells (arrows). (B) Grade 3: The impression cytology shows enlarging epithelial cells with
decreased intercellular connection. Langerhans cells appeared in the confocal images of conjunctival epithelium (arrows in B1 and
B2). (C) Grade 5: The impression cytology shows enlarging superficial epithelial cells with pyknotic nuclei. The goblet cell was total
absent. The in vivo confocal image of the superficial epithelium shows squamous metaplasia characterized by enlarging superficial
epithelial cells with pyknotic nuclei (C1). Multiple Langerhans cells appeared in the confocal images of conjunctival epithelium (C2)
and stroma (C3) (arrows). Bar Z 50 mm.
970 Y.-H. Wei et al.inflammation due toGO resulting in tear hyperosmolarity and
changes in tear components.7,8 Further investigation also
demonstrated the expression of the thyroid-stimulating
hormone (TSH) receptor in the lacrimal acinar cells, sug-
gesting that the autoantibodies may bind to the lacrimal TSH
receptor and lead to lacrimal gland dysfunction and dry eye.9
In this study, we performed the tear function tests and
evaluated the TBUT scores in the GO and control groups. The
results demonstrated reduced tear secretion and lower sta-
bility of tear film in GO patients. Because both increased tear
evaporation and decreased aqueous tear production7e9,15
may lead to impaired ocular surface, GO patients may suf-
fer from greater ocular surface damage compared with
ocular surface problem caused by only one component of dry
eye.
This study demonstrated that the superficial epithelial
cell density in the superior bulbar conjunctiva of the GO
group was significantly lower than that of the control group.However, the reduction in superficial epithelial cell density
in the temporal bulbar conjunctiva of the GO group was not
statistically significant. In view of the significant decrease
in superficial epithelial cell density in the superior bulbar
conjunctiva of the GO group, we analyzed the correlation
between cell density and other clinical parameters. The
superficial epithelial cell density in the superior bulbar
conjunctiva showed negative correlation with OSDI scores,
MRD1, and palpebral fissure length, but positive correlation
with TBUT. Besides, the confocal microscopic analysis
found that 46.67% of the GO patients (7 of 15) had the
change of squamous metaplasia in either the superior or
temporal bulbar conjunctiva. Comparing the subgroup with
squamous metaplasia with that without squamous meta-
plasia, the former also showed higher MRD1 than the latter.
Hence, we concluded that MRD1, representing the severity
of upper eyelid retraction, may play an important role in
predicting the ocular surface changes in GO patients.
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superficial epithelium in the superior bulbar conjunctiva
suffered from higher mechanical pressure during blinking.
Such mechanical damage has been reported to create an
inflammatory environment in which conjunctival epithelial
cells and lymphocytes are stimulated to produce and
secrete various cytokines including interleukin-1a (IL-1a),
IL-b, IL-6, IL-8, transforming growth factor-b1 (TGF-b1),
and TGF-a into the tear film.21,22 Elevated cytokine levels
within the tear film were reported to impair terminal dif-
ferentiation of the ocular surface epithelium, resulting in
the loss of the ability of ocular surface epithelium to ex-
press surface-protecting molecules and the deterioration of
protective mechanism of the ocular surface.18,22,23 Second,
the superior bulbar conjunctiva in patients with GO theo-
retically may suffer from less tear-film protection than the
temporal site due to lagophthalmos and upper lid retrac-
tion. Our confocal microscopic finding is correlated with
previous research on dry eye syndrome in which significant
decrease in densities of superficial and basal conjunctival
epithelial cells was found. This finding may be attributed to
an increase in ocular surface inflammation and distur-
bances in the turnover of epithelial cells in dry eye.18 Third,
wearing soft contact lens was reported to induce increase
in superficial and basal bulbar conjunctival epithelial cell
densities.19 This may be due to the constant physical
stimulation by the lens leading to more rapid cell division
and growth. Patients with GO have lesser physical stimu-
lation from smaller surface area covered by retracted
eyelids. Such phenomena may lead to less physical stimu-
lation and result in a decrease of bulbar conjunctival
epithelial cells in the superior site.
The tear film over the ocular surface can be stabilized by
the mucin derived from the corneal, conjunctival epithelia,
and goblet cells.24 The confocal microscopic analysis in this
study showed decreased goblet cell density in the bulbar
conjunctiva of the GO group. A previous impression
cytology study also revealed compatible results.9 The
decrease in conjunctival goblet cells may alter the mucin
expression, leading to instability of the tear film. However,
the exact mechanism behind the reduction in conjunctival
goblet cell density remains unknown. Because goblet cells
are derived from the same progenitor cells as the
conjunctival epithelium, the abnormal differentiation of
the conjunctival epithelium may affect goblet cell forma-
tion.25 In addition, a recent study reported significant in-
crease in TBUT in GO-related dry eye patients after topical
cyclosporine-A treatment.26 Topical cyclosporine-A treat-
ment appeared to inhibit apoptosis and matrix metal-
lopeptidase 9 expression in conjunctival epithelial cells.26
Therefore, we think that ocular surface inflammation and
conjunctival epithelium changes in GO may affect the
biological activity of goblet cells.
To the best of our knowledge, no study has been re-
ported on the confocal microscopic findings of bulbar con-
junctiva in GO patients before. Our study results provided
valuable information in dealing with the ocular surface
problems in GO patients. However, this study has several
drawbacks. First, we only examined the superior and tem-
poral bulbar conjunctiva due to the limited eye movements
of these patients. Further examination on different areas
may provide more solid information. Second, patients withsevere GO may have suffered from severe eye movement
impairment during examination. Such a limitation in eye
movement may influence the image quality during exami-
nation, and lead to the difficulty in data analysis. Third, the
number of patients in the current and previous studies was
limited. Further larger in vivo investigation of the epithelial
cell density in different layers and locations of bulbar
conjunctiva may provide more information.
In conclusion, GO patients suffered from more severe
bulbar conjunctiva damage and inflammation with the su-
perior site than the temporal site. This finding may be
related to upper eyelid retraction, ocular surface inflam-
mation, and decreased aqueous tear production. In vivo
confocal microscopy can be a rapid and noninvasive tool for
the quantitative evaluation of the ocular surface changes in
GO patients.References
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